Introduction: The aim of this study was to evaluate the dimensions of the vaginal canal in patients undergoing gynaecological brachytherapy and the effect of the use of vaginal dilators (VD) used in the follow-up of pelvic physiotherapy. Methods: A total of 88 patients were randomly allocated to the control group (CG) and intervention group (IG). Three evaluations were performed: pre-brachytherapy, post-brachytherapy and follow-up of 3 months. The CG received
standard guidance from the health team while the IG was instructed to use VD for 3 months. The dimensions of the vaginal canal (main outcome) were defined by the length of the vagina (centimetres), width (number of full clockwise turns of the opening thread of a gynaecological speculum) and area (defined by the size of the VD). Quality of life and pelvic floor (PF) functionality were also evaluated. Results: There was no effect of the VD on vaginal length, width and area among the intention-to-treat (ITT) population. However, in the analysis stratified by adhesion, the CG had a significant decrease in the vaginal area. PF was predominantly hypoactive throughout the follow-up. Quality of life improved in both groups, but the reduction of constipation, vaginal dryness and stress urinary incontinence manifested only in the IG. Conclusion: The use of VD did not alter the dimensions of the vaginal canal within the first Enhanced Digital Features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.8175365.
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3 months after the end of radiotherapy treatment. However, there was a large sample loss during follow-up so studies with a larger sample number and longer follow-up time need to be conducted. 
INTRODUCTION
Cervical cancer is the seventh most common cancer in the world, especially in regions with a low human development index where it is associated with 7.5% of cancer deaths [1] . The treatment of advanced cancer varies according to the degree of the disease staging and consists of the application of external irradiation to the pelvis and/or intracavitary and neoadjuvant chemotherapy [2] . More specifically, women with cervical cancer experience emotional problems prior to therapy and lymphoedema, and urological and sexual problems following treatment [3, 4] . These treatment-related complications and sexual dysfunction significantly affect patients' quality of life (QoL) [5] [6] [7] . Radiotherapy involves two techniques of application, an external and intracavitary way, and has been considered fundamental to the increase in rates of recurrence-free survival [8] [9] [10] . However, the use of ionizing radiation induces difficult-to-resolve adverse effects that may adversely interfere with treatment [11] . The adverse effects of the radiotherapy treatment can start early in the first applications and extend for years. Acute effects are all clinical manifestations that occur within the first 3 months after treatment [12, 13] , the most frequent of which are gastrointestinal and genitourinary [13] . In addition, the radiation causes damage to the vaginal epithelium, which may reduce tissue vascularization leading to pallor of the vaginal mucosa, loss of lubrication and inflammation [9, [14] [15] [16] .
This inflammatory process is associated with posterior fibrosis of muscle fibres and mucosal atrophy [9] , which may result in narrowing of the vaginal canal [17] [18] [19] . According to Hofsjö et al. a morphological change occurs, causing the elastic fibres to be distributed dysfunctionally and with high density of collagen [20] . These effects are intensified with the use of brachytherapy where larger doses are locally applied [21] . Often, in these clinical situations, there is narrowing of the vaginal canal that prevents the continuation of treatment by brachytherapy, gynaecological examinations and maintenance of sexual activity [21] .
The variation in the dimensions of the vaginal canal leads to different degrees of vaginal stenosis [2] . Aiming to minimize the effects that the radiotherapy treatment promotes on the vaginal dimensions, vaginal dilators [22] [23] [24] [25] have been widely used [2, 24] . However, their use is limited by psychological resistance [16] and the reasons why women are reluctant to engage in rehabilitative dilator use have not been fully investigated. This resistance may be related to several factors such as embarrassment, anxiety, modesty, pain, fear of damaging the vagina, feeling unskilled at putting an object inside one's own vagina and insufficient information about dilator use [26] . In addition, there is still a lack of evidence demonstrating the benefits of using this technique on vaginal dimensions, pelvic floor (PF) functionality, clinical signs and symptoms, and QoL [16, 27] . Therefore, the objective of this study was to evaluate the effect of the use of vaginal dilators (VD) on the vaginal canal dimensions of patients undergoing gynaecological brachytherapy. As secondary endpoints, the effect of VD on PF functionality, clinical signs and symptoms and quality of life was evaluated.
METHODS
This was a single-centre randomized clinical trial involving 88 women with cervical cancer and assigned to radiotherapy whose vaginal dimensions after usage of VDs were evaluated from January 2017 and May 2018. The study was approved by the Research Ethics Committee of the Santa Casa de Misericó rdia in Porto Alegre (CAAE: 63083516.4.0000.5335) and duly registered with ClinicalTrials.gov (NCT03090217).
All procedures involving human participants performed in this study were in accordance with the ethical standards of the Research Ethics Committee of the Santa Casa de Misericó rdia in Porto Alegre (CAAE: 63083516.4.0000.5335) and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
All patients were invited to participate in the study; at the end of radiotherapy treatment by teletherapy, they were referred to the intracavitary irradiation sessions of gynaecological brachytherapy. To participate in the study, the dimensions of the vaginal canal at the initial pre-brachytherapy evaluation should be considered normal (mean vaginal length of 9.6 cm with a wide range varying from 6.5 to 12.5 cm) [28] and the patient must not have undergone previous brachytherapy, been diagnosed with cervical cancer, be free of hysterectomy and aged over 18 years old. Patients with complications that impeded the protocol, such as severe bleeding, or those who did not complete the treatment with gynaecological brachytherapy were dismissed. All study phases were designed and reported in accordance with the CONSORT statement and are displayed in Fig. 1 .
Assessments
A trained physiotherapist evaluated the volunteers at three times: (1) before the first brachytherapy session, (2) at the last brachytherapy session and (3) at 3 months after the end of treatment (Fig. 2) . Clinical and sociodemographic evaluation was initially performed, followed by determination of vaginal canal dimensions, PF examination and quality of life. The determination of vaginal canal size included evaluation of length, width and area. The vaginal length (centimetres) was determined using a hysterometer, using the posterior fornix of the vagina as the starting point, and the hymenal ring as the end point. The width of the vagina was measured using vaginal dilators (VDs). Different graduations of Só s VDs (MDTi Company Ltd., UK) were used. For this, different VDs were inserted, in ascending order of size.
The size setting should result from the largest VD capable of being inserted and maintained without pain, tightening or bleeding for at least 3 min. The measurements of the height and width of the VD, according to the values indicated by the manufacturer of the device, were used to calculate the area of the vagina (square centimetres). Measurement of the width of the vagina was determined through the opening of the vaginal speculum. To do this, in the horizontal position, a number one acrylic speculum was introduced into the vagina. During the opening of the speculum, each clockwise halfturn given on the thread was registered. The total number of half-turns was used as the width measurement parameter. The opening of the speculum was limited by mechanical restriction or by the manifestation of pain. Kinesiologicalfunctional diagnosis of the pelvic floor (KFD-PF) was performed through bidigital palpation. Endurance and power of this musculature was determined as proposed by Bernards et al. [29] . The classification of the activity of this musculature followed the recommendations proposed by Messelink et al. [30] and were stratified into (1) hypoactive (inability to contract PF muscle voluntarily and involuntarily when necessary), (2) normal (ability of PF muscles to undergo normal or strong voluntary contraction and complete voluntary relaxation, in addition to pre-contraction present) and (3) hyperactive (PF muscles do not relax, or may even contract when relaxation is functionally needed); QoL was assessed by the Quality of Life Assessment questionnaire of the general neoplasia patient proposed by the European Organization for Research and Treatment of Cancer (EORTC QLQ-C30) [31] .
Allocation and Masking
The volunteers eligible to participate in the study were randomly assigned from a random list generated in the software package random (https://www.random.org) to the control group (CG) or intervention group (IG) in a ratio of 1:2, respectively. Given the nature of the procedure, neither the participants nor the clinicians were masked to group assignment. In the CG, the volunteers received only the usual guidance from the nursing team and participated in all the evaluations foreseen in the study. In the IG, the volunteers received the VD and all necessary guidelines for its use. The VD size was defined at the initial evaluation and each volunteer received the device with the size compatible with the individual anatomical conditions. The early initiation of the use of VD, i.e. concomitantly with brachytherapy, was evaluated in a subgroup of volunteers. However, the statistical analysis showed that the early use of these VDs did not promote any difference in the vaginal dimensions and therefore the IG was composed of volunteers who used the VD at the beginning of the brachytherapy (n = 23) and volunteers who only started after the end of the brachytherapy (n = 34). Thus, the allocation ratio resulted in one volunteer in the CG for every two in the IG.
Power Analysis
In order to calculate the sample size, we used the data published in the study by Kirchheiner et al. [21] , which evaluated the incidence rate of vaginal stenosis of 630 women with advanced uterine cancer treated with brachytherapy. In this study, there was a clinically significant alteration in vaginal dimensions in 17% of the cases. On the other hand, the effect of the use of VD, published by Law et al. [32] , reduced the vaginal canal volume in 109 of women treated with gynaecological brachytherapy by 73%. On the basis of these studies, the calculation of the sample size considered a 17% alteration in the dimensions of the vaginal canal and reduction of these alterations in 73% of the treated cases. At a significance level of 1% and power of the hypothesis test of 80%, the estimated sample size was 85 volunteers.
Treatment
Radiotherapy treatment was determined by the care routine that takes into account the patient's clinical peculiarities and the degree of tumour staging. The minimum radiation dose used was 45 Gy and the maximum dose was 50.4 Gy, divided into 25-28 fractions (sessions) of 1.8 Gy. The sessions were conducted daily by teletherapy. At the end of the teletherapy, the volunteers were referred to the intracavitary irradiation sessions by gynaecological brachytherapy, performed according to the protocol of the radiotherapy service (from a Center of High Complexity of the South of Brazil-CACON) using GammaMedplus TM iX HDR/PDR Brachytherapy Afterloader with iridium-192, guided by X-ray image. The dose used was 7 Gy divided into four fractions applied once a week, applied through rings and/or cylinders. It was recommended to abstain from sexual activities after the beginning of brachytherapy until the fourth week of the end of the intracavitary irradiation. The use of VDs was individual, and the patients were oriented to use the device for 3 months, four times a week and for 10-15 min each time. The VDs were given to the patients following the stipulation of vaginal size on the first evaluation. The beginning of the VD use was divided into two moments: (1) concomitant with brachytherapy, (2) 4 weeks after the end of brachytherapy. However, in the stratified analysis there was no difference between the different moments and for this reason the data were treated in a grouped manner. In addition, PF muscle training was excluded from the original protocol, previously registered in ClinicalTrials.gov. The simplification of the original protocol was aimed at strengthening the investigation regarding the early use of VD in the prevention of changes in the dimensions of the vaginal canal.
Statistical Methods
An independent investigator, without previous knowledge of the groups, performed all the statistical analysis. The qualitative data were presented as frequency and percentage, whereas the quantitative data were presented as mean, median, standard deviation, standard error and interquartile range, according to the normal distribution of the values. Normality was assessed by the Shapiro-Wilk test. Comparisons between groups were performed using Student's t test or the Wilcoxon-Mann-Whitney test. Associations were found by the chi-square test or Fisher's exact test, while correlations were identified by Spearman's correlation test. Comparisons between moments and between groups were evaluated using generalized estimation equation (GEE) models with Bonferroni post hoc tests according to the intention-to-treat (ITT) method. The statistical significance in use was 5% (p \ 0.05) and the analyses were done in SPSS software version 23.
RESULTS
A total of 101 patients were evaluated for eligibility. Of these, 12 were excluded because they did not meet the inclusion criteria or because they did not agree to participate in the study. The sample consisted of 88 women (43.7 ± 11.9 years) randomized to the CG (n = 32) and IG (n = 56). During the follow-up, there was loss due to death, withdrawal and need for hospitalization (Fig. 1) . Clinical variables were symmetrically distributed between groups, except for the therapeutic regimen used in the pre-brachytherapy period, and are displayed in Table 1 .
The frequency of conization was higher in the CG when compared to the IG. Adherence to the protocol declined with follow-up and there was a high rate of loss throughout the study but this behaviour was similar between the groups (X 2 = 0.146, p = 0.702). The results of multivariate analyses showed that adherence was not significantly influenced by the variables (Table 1) . However, in women with hypoactive PF, there was a tendency for less adherence to follow-up (p = 0.070). Dimensions of the vaginal canal, reported as length (in centimetres), width (number of turns of the gynaecological speculum) and area (in square centimetres), and the KFD-PF evaluations before, after brachytherapy and at the end of follow-up period are reported in Table 2 . In the multivariate analysis no intervention effect was observed for any of the vaginal canal size variables on the ITT population (length: F = 2.545, p = 0.111; width: F = 0.490, p = 0.484; area: F = 0.107, p = 0.743). When stratifying the 7.2 ± 0.29 cm, IG: 6.9 ± 0.26 cm, p = 0.377) as shown in Fig. 3 . In the analysis where conization was treated as covariate, the results were maintained, demonstrating that, independently of clinical conditions, the treatment did not significantly alter vaginal dimensions. The same was observed when we tested the influence of signs and symptoms related to the treatment of gynaecological cancer. CG control group, IG intervention group
The KFD-PF result was similar between the groups at baseline assessment (baseline CG: 59.4% hypoactive, 12.5% hyperactive, 28.1% normal; IG: 69.6% hypoactive, 14.3% hyperactive, 16.1% normal) and there was no significant alteration of the diagnoses during followup (X 2 = 3.119, p = 0.210) ( Table 2 ). Prevalence and incidence were similar between groups for most of the clinical findings, and there were no effects of treatment (X 2 = 1.909, p = 0.167) and time (X 2 = 0.548, p = 0.760) on the number. However, when we analysed the clinical occurrences only in the women who completed all the evaluations foreseen in the protocol, we identified that in the IG there was a significant reduction in constipation and vaginal dryness at the end of follow-up. A relevant fact is that in the stratified analyses, stress urinary incontinence (SUI) remained lower in the IG as described in Table 3 .
The overall quality of life assessment score was similar between the groups throughout the follow-up (X 2 = 0.007, p = 0.936). Likewise, domains that evaluated aspects related to functional quality and clinical symptoms were similar between groups (X 2 = 0.001, p = 0.973; X 2 = 0.152, p = 0.666, respectively); all domains improved at the end of follow-up (global domain: X 2 = 5.995, p = 0.05; functional domain: X 2 = 24,767, p = 0.001; symptoms domain: X 2 = 17,077, p = 0.001), as described in Table 4 . Only in the functional domain was the effect of time significant in isolated intragroup analyses.
The results demonstrated that there were no associations between the KFD-PF and the length and area of the vaginal canal. On the other hand, women with hypoactive PF had a significant decrease in vaginal width (p = 0.042). Regarding QoL (QLQ-C30), significant improvement in the overall health domain was observed throughout the follow-up and occurred independently of the KFD-PF. However, women with hyperactive PF presented significant improvement in quality of life (p = 0.006), whereas in the symptom domain there was a significant worsening in the cases of PF hypoactivity (p = 0.006). In the analysis stratified by adherence, the association between KFD-PF and the QLQ-C30 domains was also similar to those observed in the statistical treatment of intention to treat. The total number of occurrences of clinical signs and symptoms did not influence the quality of life. However, in the isolated or combined presence of vaginal discharge, urinary retention, diarrhoea and oedema, there was a lower score in the functional domain (X 2 = 3.842, p = 0.050; X 2 = 7.839, p = 0.005; X 2 = 3.766, p = 0.05; X 2 = 4.731, p = 0.30, respectively).
Vaginal dryness and constipation negatively influenced the symptoms domain (X 2 = 5.597, p \ 0.18; X 2 = 8.032, p = 0.005, respectively). There was also a negative association between constipation and overall quality of life (X 2 = 6.027, p = 0.049). The data are expressed in absolute number of occurrence of symptoms with percentage in parentheses. Statistical analysis was performed according to intention to treat.
(CG: n = 32; IG: n = 56) a Significant difference when compared to control Data are expressed as mean ± standard deviation of the mean CG control group, IG intervention group a Significant difference when compared to previous evaluations b Significant difference when compared to baseline assessment
DISCUSSION
The objective of this study was to evaluate the behaviour of the vaginal canal dimensions during the first 3 months after the end of the radiotherapy followed by gynaecological brachytherapy to determine the possible benefits of the use of vaginal dilators that have been used in the monitoring of pelvic physiotherapy. At the end of the follow-up, we observed that there was no difference between the intervention and control groups in relation to the variables used in the determination of vaginal dimensions, as well as no effect of the intervention on quality of life, signs and symptoms, and KFD-PF. The random formation of the groups guaranteed similarity in the clinical conditions between the groups, but there was a significant difference in relation to the therapeutic scheme used in cancer treatment. The prevalence of conization was higher in the control group, but in the stratified analysis this condition did not significantly interfere with the dimensions of the vaginal canal. Adherence to the protocol was considerably low and declined with follow-up in both groups. Only 28% of the women performed the final evaluations in the CG and 30% in the IG. This difficulty of adherence is reported by different health professionals who handle women with cervical cancer [33, 34] . We did not identify any predictive factors for these losses, but adherence tended to be lower in women with PF hypoactivity, corroborating the findings of Rutledge [35] who obtained greater agreement to the protocols proposed in volunteers with better PF muscle activity. However, even if our data are not sufficiently conclusive, it is presumed that the preservation of PF muscle activity influenced the adherence, since in the domain of symptoms and functional quality of the quality of life questionnaire, the results were less favourable in women with a diagnosis of hypoactivity of this musculature. In addition, the number of occurrences of signs and symptoms was higher in these women. It is possible that the strength of the PF is a reflection of the degree of body consciousness. Self-knowledge and self-care may, as proposed by Carter et al. [36] , directly influence adherence to prevention programs and gynaecological treatments and thus justify, at least in part, the results of our study.
The disorders resulting from brachytherapy treatment affect 30% of uterine cancer survivors [37] , and impairments to quality of life tend to begin to improve 3-6 months after the end of radiotherapy [38] . This pattern of clinical response was evidenced in our findings, since quality of life improved significantly at the end of the follow-up. van Leeuwen et al. [39] followed the evolution of QoL in pelvic cancer survivors and found that the domains of functional quality and severity of symptoms improved significantly 1 year after the end of treatment. However, improvement in QoL was not influenced by treatment (use of dilators) and the effect of time was significant only when the data were grouped into a single group. This implies that it is enough to terminate the treatment for gynaecological cancer so that the QoL improves, so much so that in the intragroup analysis the CG had significant improvement in the functional quality.
Even with important deleterious effects, radiotherapy increases survival rates [37] . These effects arise from the involvement of healthy cells that are located around the irradiated region and the degree of reaction is directly dependent on the tissue sensitivity and dose used in the treatment [38] . The proportion of clinical signs and symptoms observed in volunteers in both groups was similar to the findings previously described by Ramaseshan et al. [40] , where the acute effects that appear more frequently in the treatment of gynaecological cancer involve genitourinary, gastrointestinal and alterations of the vaginal mucosa including the presence of dryness, oedema and the presence of scars. However, at the end of the followup, there was a lower incidence of constipation, dryness and SUI in the treated group. Carter et al. [36] sought to evaluate the benefits of vaginal and sexual health treatment strategies and found that the resources used to improve hydration and flexibility of the vaginal mucosa and the use of VD as a means of developing awareness and proprioception of the PF were associated with the reduction of the symptoms resulting from treatment with gynaecological radiotherapy.
However, our findings demonstrate that the use of VD did not modify vaginal canal size 3 months after radiotherapy, and these results provide evidence that early use of dilators for the prevention of vaginal narrowing does not induce short-term benefits. On the other hand, there are indications that the use of VD can prevent vaginal narrowing as previously described [38] [39] [40] [41] . In the observational and uncontrolled study by Velaskar Shruti et al. [42] , vaginal canal length (average of 6 cm after 6--10 weeks of radiotherapy termination) was shown to increase with the use of VD (average of 9 cm after 4 months of vaginal dilation therapy). In this study, 89 women with cervical cancer treated with radiotherapy applied in the mode of teletherapy were included. Miles et al. [24] measured vaginal length and elasticity and found that the use of VD did not significantly alter these measures. Bahng et al. [43] observed in patients submitted to brachytherapy who used VDs at least two to three times per week (from 2 weeks after the end of radiotherapy), an increase in vaginal canal length (OR 0.17). In relation to the vaginal area, the available information is scarce. Only a recent study [44] evaluated the vaginal diameter before and after the end of radiotherapy and found a decrease of the area in only 11% of the evaluated sample. Similar results were observed in our study, where the vaginal area, evaluated through the size of the VD, remained practically constant throughout the follow-up. However, in the stratified analysis by adherence, a reduction in the vaginal area of the women allocated to the CG was found at the end of the follow-up. The impact of radiotherapy on the vaginal area is poorly described in the literature. As far as we know, there is no randomized clinical trial testing the effect of VD use on the measure. In addition, the vaginal area measurement strategy we use is a method not mentioned in the literature. This limits the comparison with other studies.
Law et al. [32] evaluated vaginal size with a strategy similar to that proposed in this study. They studied the efficacy and adherence to the use of VD in patients directed to use the dilators three times per week for 12 months, regardless of the number of sexual relations. At the initial assessment, vaginal canal size was determined from the largest dilator that could be inserted and maintained for 10 min without pain, tightness or bleeding. The efficacy of the treatment was defined when the dilator size was equal to the initial evaluation. The authors observed that VD size was lower in 49% of the volunteers in the 1 month after the end of radiotherapy. However, during the study, 52% of the reductions were reversed in 6 months of treatment. Our follow-up was only 3 months after the radiotherapy treatment and we had a high sample loss. The peculiar physical and physiological condition of these women could explain the consistent sample loss beforehand. As discussed in the ''Introduction'', radiation causes damage to the vaginal epithelium, which may reduce tissue vascularization leading to pallor of the vaginal mucosa, loss of lubrication and inflammation. VD application may lead to an additional discomfort to the patient who probably does not perceive the benefit of the procedure.
Sexual activity and adherence to VD were not monitored; restrictions on the former were released from the fourth week of brachytherapy completion. This is a limitation and the evidence found in our study may be questionable, and different results to ours could possibly be observed in situations with better adherence, since in the stratified analysis we detected indications that the use of VD can help in the maintenance of the vaginal area because in the CG there was a significant reduction of this measure.
Another limitation of our study is the need to measure the dimensions of the vaginal canal before the start of teletherapy. However, most of the women referred to gynaecological brachytherapy in this service begin treatment with radiotherapy in other oncological centres. This same factor may have affected adherence to the follow-up in virtue of the displacement. Another important issue was the difficulty in controlling adhesion to the use of the dilator, a problem that we face because of a lack of feedback.
Although the estimated sample size was reached, the number of alterations in vaginal canal size was below predicted. In addition, the intervention and follow-up time was limited to 3 months and this probably explains the low incidence of anatomical changes and highlights the need for longer follow-up time to study this behaviour.
CONCLUSION
The effect of VD use in the first 3 months after radiotherapy does not have an acute effect on the length, width and area of the vaginal canal of women with cervical cancer, but the low adhesion to the study makes it impossible to extrapolate our results to this population. However, there are indications that VD can contribute to the improvement of PF muscle function and benefit the clinical evolution of these women, but studies with greater sampling power and longer follow-up should be conducted to clarify the possible benefits of this pelvic physiotherapy technique. Moreover, given the psychological resistance associated with the use of vaginal dilators, it is important to make women aware of the emotional and psychological barriers they might encounter in the rehabilitative dilator use, and possible solutions to these barrier, in order to improve adherence to the treatment.
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